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U. S, DEPARTMENT OF ENERGY LIQUID SYNFUELS OVERVIEW

Mr, Edward J. Lievens, Jr.
Program Director for Project Management
Fossil Energy
U, S, Department of Energy
Washington, D.C. 20545

ABSTRACT
The Administration has proposed'shifting the
focus of the Government's synfuels program
to the 'Synthetic Fuels Corporation (SFC)
.and would assign to the SRC the responsib
ility to assist major synfuel plant constr
uction projects. The U. S. Department of
Energy (DOE), currently involved in the
management and would discontinue its activ
ities in this area.
The DOE has been participating in four pro
grams to convert coal to Tiquid synfuels
through direct liquefaction. These are the
Solvent Refined Coil - SRC-I and SRC-II;
Exxon Donor Solvent; and H-Coal.
This paper will briefly discuss each of the
DOE liquefaction programs including the
process, products and technical status.
The Administration's proposals to disconti
nue DOE activities while assisting the
industrial participants f should they choose,
to offer the programs to the SFC is described,
In addition, the results of DOE studies of
the industrial needs to implement a major
coal derived liquid synfuel program are sum
marized. These results predict that resour^
ces are adequate to develop a million barrels
per day capacity of liquid'fuels in the year
2000, and identify the impediments regarding
increasing the capacity to 3 million barrels
per day in that time span.

development of our synthetic fuels potential
with reduced Department of Energy involvement
and minimum use of '.tax" dollars to subsidize
private business ventures,
The Administration has proposed that the focus
of Government synfuels program be shifted to
the newly created Synthetic Fuels Corporation
which would have the responsibility of assisting major synfuel construction projects.
Shifting the Department of Energy's synthetic
fuel commercial izatlon and demonstration act
ivities to the $ynthet1c Fuels Corporation
would provide a ore efficient and focused
program--for 'demonstrating synthetic fuel productlon. Because private companies would
manage construct ton wffli. more of their own
money at risk under the new approach t the
1 Ikell ihood of successful project outcomes
would be increased t
potential costs for
the Government would decrease. This
,
is -consistent with the Administration's
pol icy to rely on private market forces to
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INTRODUCTION AND SUMMARY

The administration is committed to ensuring the development of a comnercial syn
thetic fuels industry that can help re
place imported oil with competitivelypriced domestic fuels made from our abundant resources of coal, oil shale, tar
sands, and. renewable materials. Through a
carefully designed, streamlined synthetic
fuels program;,; we can achieve rapid
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Low Capital Costs

independent corporation.
Consistent with the proposed policy, the de
sign activities for major liquefaction in FY
81 will permit .industrial participants to pre
pare for submittal of their projects to the
Synthetic Fuels Corporation.

Feedstock Flexibility (i.e., high sulfur,
high ash coals)
Direct conversion by a liquefaction pro
cess to produce syncrude or a heavy in
dustrial fuel on a commercial scale is
not currently being done. However,
Germany used direct liquefaction to make
about 90 percent of its aviation fuel in
World War II and a commercial-scale
liquefaction process was employed in
England until about 1958.

In this address, I will describe the status
of the DOE funded major liquefaction process
and the proposed approach to end DOE partic
ipation. In addition, I will describe the
results of recent DOE studies of the indus
trial needs to implement a major coal derived
liquid synfuel program. These results, of
particular interest to this audience, predict
that resources are adequate to develop a mill
ion barrel per day capacity in the year 2000
and identify the impediments regarding increa
sing the capacity to 3 million barrels per
day in that time span.

The DOE program has focused on near term
commercialization of four processes:
Solvent Refined Coal I (SRC-I); Solvent
Refined Coal II (SRC-II); Ebullated Bed
(H-Coal); and Exxon Donor Solvent (EDS).
c.

LIQUEFACTION

Processes. The technology for converting
coal to petroleum-like liquid fuels pro
ceeds along three basic paths:

The potential advantages of pyrolysis
techniques lie in the capability for the
direct production of transportation fuels
and the elimination of several process
steps necessary in direct liquefaction.
These should result in both improved pro
duct quality and uields and reduced in
vestment and operating costs. Of par
ticular emphasis is improved hydrogen
utilization.

Indirect Conversion followed by
Fisher-Tropsch Syntheses
(2) Direct Liquefaction
(3) Pyrolysis

(1)

a.

Indirect Conversion. In indirect convers
ion, coal is first gasified to produce
synthesis.gas which is then purified and,
in some cases, undergoes a shift reaction
to increase hydrogen content. The re
sulting synthesis gas can then be chem
ically reacted to produce methanol or a
slate of intermediates which can be fur
ther upgraded to gasoline. The subse
quent conversion of methanol to gasoline
can be performed with the use of an add
itional process.

The most advanced pyrolysis processes,
"flash liquefaction", are currently at
bench scale and thus are not expected to
be available for commercial -scale oper
ation by 1990.
The DOE does and will maintain R&D efforts
in these "third generation" processes.

Recently, the production of liquid hydro
carbons from coal has been demonstrated
by several ventures/ The SASOL plant in
South Africa is the most modern example.
The SASOL plants use indirect conversion
of coal to make gasoline and other liquid
products.
b.

Pyrolysis. Pyrolysis involves exposing
the coal to very high temperatures in an
inert or oxygen-deficient atmosphere.
The coal is converted into coal (char)
and yields tar, liquids, and fuel gases
as byproducts.

Assessment, Valid comparisons of process
performance, costs, environmental issues, and
other selection criteria among the many liqu
efaction processes are presently unavailable.
The most probable scenario for the growth of
the liquid syn fuels industry will entail the
construction of many plants using several
processes tailored to the specific needs of
the market.

Direct Liquefaction. For direct lique
faction, coal is first dissolved in an
appropriate solvent, often a product
ction of the process. Liquid fuels are
then produced by reacting the solution of
coal and solvent with hydrogen.

The product derived from coal liquefaction
can be used as: Low-ash, low-sulfur boiler
fuels suitable for electric power generation
and for steam generation; and, high-grade
fuels such as gasoline, heating oil, and
chemical feedstocks.

The potential advantages of direct lique
faction over indirect result from:
Higher Conversion Efficiency
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The present major differences among the near
term liquefaction processes result from the
feedstock capability and resultinOroducts
mix. These are described below (Figure 1).

projects now shared with a consortia from the
private sector.
A short description of the four processes,
including the present technical status follows:

The SASOL Fisher-Tropsch was developed using
European and South African coals quite diff
erent from most of the U.S. stocks. This
process yields a wide range of hydrocarbons,
including many alcohols and other oxygenbearing materials.

SOLVENT-REFINED'COAL SOLID FUEL DEMONSTRATION
PLANT, SRC-I

The principal industrial partner of the SRC-I
project is the International Coal Refining
Company - a joint venture of Air Products and
Chemicals, and wheelabrator Coal Refinery,
Inc. The other major participants are inclu
ded in Figure 2.

The SRC-I process uses high sulfur, high ash
bituminous feedstocks, and converts them
into little or no sulfur and ash products.
The principal product (solid) can be used in
a variety of market applications, including
existing coal-fired boilers where the pro
duct can be burned with only minor modifi
cation to the boiler, and in some boilers
that burn heavy fuel oil. SRC-I solid is
an excellent metallurgical coal. Fuel by
products can be burned in existing oil-fired
boilers. Anode coke is another product.
With the addition of a second hydrogeneration step, liquid distillates can also be pro
duced.

The SRC-I process (Figure 3) converts highsulfur, high-ash coals to a substantially
ash-free low-sulfur solid fuel. Feed coal is
pulverized and mixed with a process-derived
solvent and them combined with hydrogen pro
duced with other steps in the process. The
mixture is pumped through a fired preheater
and reacted in a dissolver where about 90
percent of the coal (on a moisture- and ashfree basis) is dissolved. Several reactions
occur simultaneously in the dissolver to pro
duce liquid; coal is depolymerized and hydrogenated, resulting in an overall decrease in
molecular weight; the liquid is hydrocracked
to form yet lower molecular-weight hydro
carbons that range from methane to light oil;
and much of the organic sulfur is removed by
hydrogenation in the form of hydrogen sulfide.

The SRC-II process uses high sulfur, high
ash bituminous feedstocks and converts
them into non-polluting fuels. The principal
application is a wide range of petroleum
type fuels or as a new fuel oil in indus
trial and utility boilers to substitute
for petroleum. SRC liquid fuels in which
-essentially all sulfur and ash are removed
can be used .directly in compliance with emi
ssion standards (probably) without further
stack-gas cleanup or scrubbing.

The mixture passes from the-dissolver on to a
separator where raw product gas is separated
from the slurry of undissolved solids and
coal solution. Raw gas is sent to gas puri
fication which includes a hydrogen recovery
and a gas desulfurization unit. Recovered
hydrogen is recycled with the coal slurry
coming from a slurry mix tank. Hydrocarbon
gases are recovered and hydrogen sulfide is
converted to elemental sulfur.

Other products of SRC-II are expected
to be pipeline quality gas, LNG, and naphtha.
The H-Coal process converts high sulfur
bituminous coal to either a boiler fuel that
will probably meet sulfur emissions regula
tions, or to refinery crudes still deficient
in hydrogen and therefore requiring further
treatment if used for any other purpose. A
wide range of petroleum type fuels could then
be generated.

Undissolved solids and the coal solution are
separated in a solid-liquid separation unit.
The solids, consisting of unreacted coal and
ash, are sent to a gaslfier where they react
with steam and oxygen to produce makeup hyd
rogen which is purified to remove sulfur and
fuel gas and added to the feed stream. The
liquid from the solid-liquid separation step
is distilled to use naphtha and fuel oil as
products and to recovery process solvent for
recycling to slurry the coal feed. The mater
ial which remains as vacuum flash underflow
is solidified and is the primary final prod
uct, solvent refined coal.

The EDS process converts either bituminous
coals, sub-bituminous coals or liquids into a
mix of fuels that without processing are pri
marily useful for boiler fuel plus some mar
ketable LNG gas products. (The basic process
is very flexible and can produce a wide
spectrum of liquid products depending on the
market needs).
DOE STATUS OF MAJOR DOE LIQUEFACTION PROJECTS

Typical properties of the SRC-I product ob
tained from a western Kentucky bituminous
coal feed having 7.1 percent ash and 3.4 per
cent sulfur are 0.1 percent ash and 0.8 per
cent sulfur. It has a solidification point

As stated previously the four major DOE
liquefaction projects now underway are the
SRC-I, SRC-II, H-Coal, and EDS. These
.3-3
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Fisher-Tropsch

European & So. African

Wide Range of Hydrocarbons 9 Alcohols
and Oxygenated Materials

SRC-I

High Sulfur and/or High
Ash Bituminous

Low Sulfur r Low Ash Solids:

High Sulfur Bituminous

Low Sulfur, Low Ash Liquids

SRC-II

1.
2.
3.
4.

1.
2.
3.
4.

EDS

FIGURE 1:

Solid fuel boilers
Heavy Oil burners
Liquid distillates
Metallurgical coals and coke
Wide range of petroleum fuels
Fuel Oil
Pipeline Quality Gas
LPG and Naptha

High Sulfur Bituminous
or Subbituminous

Low Sulfur, Low Ash Liquids

Bituminous , Subbituminous
or Lignites

Low Sulfur, Low Ash Liquids

1.
2.
3.

1*
2.

Wide range of petroleum fuels
Refinery crudes
Boiler fuel
Wide range of petroleum fuels
LPG and Naptha

LIQUEFACTION PROCESSES, COAL FEEDSTOCK AND PRODUCTS

•

INTERNATIONAL COAL REFINING Co. A JOINT VENTURE OF:
- AIR PRODUCTS AND CHEMICALS, ALLENTOWN, PA
- WHEELABRATOR COAL REFINERY, INC., ALLENTOWN, PA
OTHER MAJOR PARTICIPANTS:
-

RUST ENGINEERING, BIRMINGHAM, AL
SOUTHERN COMPANY SERVICES, BIRMINGHAM, AL
CATALYTIC, INC., PHILADELPHIA, PA
CE/LUMMUS, BLOOMFIELD, NJ
RM PARSONS Co., PASADENA, CA
COMMONWEALTH OF KENTUCKY, FRANKFORT, KY
CONSTRUCTION MANAGER/CONSTRUCTOR-TBD

FIGURE 2. PROJECT PARTICIPANTS FOR SRC-1
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FIGURE 3. SRC-I PROCESS

of around 350°F to 400°F and a heating value
of about 16,000 Btu/lb.

acid byproducts. The heating value of the
hydrocarbon products produced in the plant is
expected to be approximately equivalent to
the production from a 20,000 barrel per day
petroleum refinery. The plant will be de
signed to be self sufficient with regard to
all utilities, except for electric power
which will be purchased.

The SRC-I Demonstration Plant site near
Newman, Kentucky, is being designed on the
basis of information obtained from a 50 t/d
SRC pilot plant in Ft. Lewis, Washington, and
a 6 t/d SRC pilot plant in Wilsonville,
Alabama. This plant is sized to produce
20,000 barrels/day equivalent of low ash, low
sulfur fuels from 6,000 tons per day of high
sulfur coal. Construction has not been
initiated.
The Administration's actions re:
as follows:'

Raw coal is pulverized and mixed with a re
cycle slurry stream from the process.
Hydrogen is added and the slurry passes
through a preheater and dissolver where hydrogenation and liquefaction reactions convert
the coal into liquid and gaseous products.
Liquid products from the dissolver are refined
in the fractionation section and separated
into naphtha, light fuel oil, heavy fuel oil,
and vacuum tower bottoms which are processed
to produce makeup hydrogen. The sulfur con
tent of the liquid products is reduced to
environmentally acceptable levels. The gas
products from the dissolver are sent to the
gas purification to remove sulfur and recover
hydrogen for recycling. The hydrocarbon
gases are sent to gas plants to produce ethane,
methane, and propanes.

SRC-I are

During FY 1981, the Administration is re
questing a rescission of construction funds
($157.5 million) appropriated for the SRC-I
demonstration plant proposed for Newman,
Kentucky. Process design will continue until
Congress acts on the withdrawal request.
Should Congress concur in the decision, the
project would be terminated on or before the
end of FY 1981. This however does not pre
clude the industrial partners from pursuing
the demonstration and commercialization of
this technology with funding solely from the
private sector, nor applying for financial
assistance from the Synthetic Fuels Corp
oration.

Data to support SRC-II development were and
are being obtained through operation of the
Ft. Lewis pilot plant in which over 5000
barrels of distillate fuel oil were produced.
Design of the demonstration plant is now
underway. Construction has not been initiated.

SOLVENT
COAL.LIQUID FUEL DEMON
STRATIONSREFINED
PLANT SRC-7T——————————

The Administration's actions re:
are as follows:'-

The principal industrial partner of the SRC-II
project is SRC International, Inc.; a joint
venture of Pittsburg and Midway Coal Mining
Co., BMFT (Germany) with Ruhrkohle and Veba
Oil Company and Japan SRC, Inc., which has
participation from five Japanese firms. The
other major participants are included in
Figure 4'. In July 1980, the U.S. signed
agreements with the governments of the Federal
Repbulic of Germany and Japan who with their
industrial partners proposed to fund half of
the $1.44 billion current estimated cost of
the project.

SRC-II

The SRC-II process (Figure 5) is designed to
produce clean non-polluting fuel from high
sulfur bituminous coal. The demonstration
plant is designed to process a nominal 6,000
tons per stream day of Pittsburgh seam coal.
Principal products from the plant are expected
to be a wide range of petroleum type fuels,
low-sulfur fuel oil, pipeline-quality gas,
liquefied propane and butane gases, and
naphtha, as well as sulfur, ammonia and tar

The Adminstration has recognized the unique
international nature of the SRC-II demon
stration plant planned for Morgantown, West
Virginia. Consultations are expected to begin
soon to determine if the international part
icipants consider it mutually beneficial to
continue this project with the potential
support of the'Synthetic Fuels Corporation.
Funding for the project will be continued in
FY 1981 with the assumption that these con
sultations will be successful. DOE continued
participation,in the project this fiscal year
will provide the Industrial partners suff
icient opportunity to compile the necessary
information so that adequate consideration
can be received from the Synthetic Fuels
Corporation. tvre will make every effort to
ensure that there is no loss of momentum
during the transition and that adequate time
is provided for a mutual decision to be
reached by all participants as required by the
international agreement.

^Statement submitted by Roger W. A. LeGassie,
Assistant Secretary (Acting) for Fcssil Energy
to the House Subcommittee on Energy
Development, Committee on Science and
Technology, March 12, 1981.

Funds will be provided in FY 1982 to support
the continued operation of the SRC pilot plant
at Ft. Lewis, Washington, should the SRC-II
demonstration project move forward under the
aegis of the Synthetic Fuels Corporation.
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SRC INTERNATIONAL, INC. - A JOINT VENTURE OF:

PITTSBURG & MIDWAY COAL MINING Co., ENGLEWOOD, CO
BMFT (GERMANY)
- RUHRKOHLE A.G., ESSEN, GERMANY

VEBA OIL, GELSENKIRCHEN, GERMANY
JAPAN SRC, INC.
- MITSUI Co., TOKYO, JAPAN
- MARUZEN OIL Co., TOKYO, JAPAN
- DAIKYO OIL Co., TOKYO, JAPAN
- NIPPON MINING Co., TOKYO, JAPAN
- NIPPON STEEL Co., TOKYO, JAPAN

OTHER MAJOR PARTICIPANTS:
- STEARNS-ROGER, INC. - DETAIL DESIGN, DENVER, CO
- BADGER ENERGY COMPANY, CAMBRIDGE, MA
- CONSTRUCTION MANAGER/CONSTRUCTOR-PULLMAN-KELLOGG/
KAISER ENGINEERING, DENVER, CO

FIGURE 4. PROJECT PARTICIPANTS FOR SRC-11
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FIGURE 5, SRC-II (LIQUID) PROCESS
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In such an event, the operation of the pilot
plant is expected to be Jointly funded with
the Corporation. This would be in accord
ance with the present international agree
ment wherein R&D funding is provided for the
project. In the absence of joint support
associated with the demonstration plant, the
funds will be used to redirect the SRC, pilot
plant efforts to long-term research and deve
lopment.

The gas and liquid products (hydrocarbons gas,
hydrogen sulfide, ammonia, light and heavy di-i
stiHates, and residual fuel) may be further
refined as necessary. Heavy distillate is re
cycled as the slurry medium. In the commer
cial configuration, the vacuum bottoms stream
containing unreacted carbon and some liquid
will eventually be processed onsite to pro
duce hydrogen needed for the process. In the
H-Coal pilot plant, hydrogen is to be supplied
by the adjacent Ashland Oil Refinery.

EBULLATED-BED PILOT PLANT (H-COAL)

The industrial consortium (Figure 6) part
icipating in the H-Coal project is headed by
Ashland Synthetic Fuels, Inc., and includes
the following groups of six companies, EPRI,
CONOCO Coal Development Company, Mobil oil
Company, Standard Oil of Indiana t Ruhrkohle A.
6. (Germany) and the Commonwealth of Kentucky.
Other major participants are Hydrocarbon
Research, Inc., and Badger Plants, Inc.
The H-Coal process (Figure 7) is a catalytic
hydroliquefaction process that converts highsulfur coal to either a boiler fuel that will
meet sulfur emission regulations or to a
refinery syncrude. Coal is dried and crushed
to minus 40 mesh, then slurried with recycled
oil and pumped to a pressure of 200 atm.
Compressed hydrogen is added to the slurry,
and the mixture is preheated and charged
continuously to the bottom of the ebullatedbed catalytic reactor. Upward passage of the
internally recycled reaction mixture maintains
the catalyst in a fluidized state (catalyst
activity is maintained by the semi -contin
uous addition of fresh catalyst and the with
drawal of spent catalyst). The temperature
of the ebullated-bed catalytic reactor is
controlled by adjusting the temperature of
reactants entering from the preheater. Typi
cally, the mixing temperature entering the
reactor is 605° to 700°F. Control of the
ebullated-bed catalyst is a function of many
process parameters. The inter-relationships
of these parameters are the subject of ongoing
research.
The vapor product leaving the top of the re
actor is cooled to condense the heavier com-*
ponents as a liquid. Light hydrocarbons,
ammonia and hydrogen sulfide, are absorbed and
separated from the remaining gas, leaving a
hydrogen-rich gas which is recompressed and
recycled to be combined with the input slurry.
The liquid-solid product, containing uncon
verted coal, ash, and oil, is fed into a
flash separator. The material that boils off
is passed to an atmospheric distillation unit.
The bottoms product containing solids and
heavy oil is further separated with a hydroclone, a liquid-solid separation, and a
vacuum still.

The specific conditions of the H-Coal process
affect the type of fuels produced. For ex
ample, to produce refinery syncrude, more
hydrogen is required and there is a lower
yield of bottoms byproduct. To produce a
clean fuel gas and low-sulfur liquid boiler
fuel, the throughput of the ebullated-bed
reactor is increased while hydrogen consump
tion is decreased.
The pilot plant constructed at Catlettsburg,
Kentucky is in operation and is the largest
to be built in the U.S. (It is noted that the
DOE has also funded design studies of a 20,000
tons/day commercial plant.) The status of
the pilot plant is included in the following
statement of the Adminstrations actions.
The Department will complete ongoing oper
ations in FY 1982 at the H-Coal Pilot Plant ;
in Catlettsburg, Kentucky. Since last summer,
we have overcome many of the equipment pro
blems, encountered during start-up, and on
February 17, the first long-term operation
of the plant began. The plant is currently ;
converting up to 200 tons per day of Illinois
#6 coal into synthetic crude oil suitable for
refining. Early this fall, the facility will
be switched to the production of boiler fuel
and will process up to 600 tons per day of
Illinois #6 coal. The second series of test
runs will be completed in FY 1982, and no
further Federal support for plant operations
is planned. If appropriate, DOE will under
take discussions with the project's indus
trial participants, or possible other inter
ested firms, should they wish to continue
privately-funded operations to support their
commercialization plans.
EXXON DONOR SOLVENT PILOT PLANT (EDS)

The principal industrial partner of the EDS
project is Exxon Research and Engineering
Company. Their team and other major part
icipants are shown in Figure 8.
The Donor Solvent process (Figure 9) is a
noncatalytic process that liquefies coal by
the use of hydrogen donor solvent obtained
from coal-derived distillate. The dorror
solvent transfers hydrogen to the coal, thus
promoting liquefaction of the coal. The
process utilizes engineering and design
3-10

ASHLAND SYNTHETIC FUELS, INC., CATLETTSBURG, KY

-

ELECTRIC POWER RESEARCH INSTITUTE, PALO ALTO, CA
CONOCO COAL DEVELOPMENT Co., STAMFORD, CT
MOBIL OIL CORP., NEW YORK, NY
STANDARD OIL OF INDIANA, CHICAGO, IL

-

RUHRKOHLE A. G., ESSEN, GERMANY

- COMMONWEALTH OF KENTUCKY, LEXINGTON, KY

OTHER MAJOR PARTICIPANTS:
- HYDROCARBON RESEARCH, INC., MIAMI, FL
- BADGER PLANTS, INC., CATLETTSBURG, KY

FIGURE 6. PROJECT PARTICIPANTS FOR H-COAL PILOT PLANT
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Heavy
Oil
• Steam

•

EXXON RESEARCH AND ENGINEERING Co.,
BAYTOWN, TX AND FLORHAM PARK, NJ
- JAPAN COAL LIQUEFACTION DEVELOPMENT CORP., JAPAN
- EXXON USA, HOUSTON, TX
-

-

•

RUHRKOHLE A. G., ESSEN, GERMANY

ATLANTIC RICHFIELD Co., Los ANGELES, CA
PHILLIPS PETROLEUM, BARTLESVILLE, OK
ELECTRIC POWER RESEARCH INSTITUTE, PALO ALTO, CA
AGIP, S.PA, MILAN, ITALY

OTHER MAJOR PARTICIPANTS:
- DANIEL CONSTRUCTION, GREENVILLE, SC
- A. G. MCKEE, CLEVELAND, OH

FIGURE 8. PROJECT PARTICIPANTS FOR EXXON
DONOR SOLVENT PILOT PLANT
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HYDROGEN

technology similar to that practiced in the
petroleum industry. It is sufficiently flex
ible to allow for different varieties of coal
feed and produces a wide spectrum of liquid
products depending on market demands.

regarding further use or disposition of the
facility. Further operation of the facility,
however, if the private participants determine
it appropriate, would be financed from pri
vate funds.

Coal is ground and slurried with the re
cycle donor solvent. The slurry is heated by
a fired heater, and preheated gaseous hydro
gen is added. The reaction is carried out in
a tubular reactor with no internals. Pro
ducts from the liquefaction reactor are sent
to several stages of separation units for re
covery of gas, nephtha, middle distillate,
and bottoms comprised primarily of unreacted
coal and mineral metter. Distillation is the
means for. solid-liquid product separation.

SYNFUELS INDUSTRIAL BASE ASSESSMENTS

A series of studies were completed^p which ad
dressed the feasibility of the industrial
base to achieve a production rate of one mil
lion barrels per day and three million bar
rels per day of the derived liquids by the
year 2000. To examine these issues from dif
ferent perspectives, DOE solicited the ser
vices of four contractors encompassing div
erse fields of expertise; they were Bechtel
National, Mechanical Technologies, Incorpor
ated, UPO/SDC, and Mound/Monsanto Research
Corporation. Many aspects of the total needs
to achieve their product!on goals were ex
amined.
.;!*>•-

The heavy bottoms from distillation are sent
to a FLEXICOKER to produce additional liquids
and low-Btu gas for in-plant fuel use. Hydro
gen for in-plant use is provided by steam re
forming of C] -C2 gases produced in the pro
cess of by partial oxidation. The hydrogen
is recycled to the liquefaction and solvent
hydrogenation sections.

The results were not definitive primarily
because they did not investigate the inter
dependence of the coal liquids program on
ongoing process industry or other synfuels
program, and proprietary process data were
not available.

A portion of the middle distillate product is
sent to the solvent hydrogenation step, using
a catalytic fixed-bed reactor to produce donor
solvent to be recycled to the slurry prepar
ation step. Depending on the ultimate product
utilization, the primary liquid products may
be further refined.

Nevertheless the findings, through prelim
inary provide valuable insight into the tech
nical needs and potential impediments to achieve this order of magnitude of production.
The analyses were based on an arbitrary imp
lementation schedule using -a nominal 60,000
barrels/day plant size and using a population
mix of production processes. The first group
used Indirect Liquefaction with plant start
up commencing in 1985. Plants using Direct
Liquefaction processes were to be on-line by
1987. Regional siting considerations were
included in the studies.

The plant is balanced in that it is selfsufficient in both process fuel and \\% requi
rements. The process gives high yields of
low-sulfur liquids from either bituminous,
or sub-bituminous coals or lignites. For
Illinois bituminous coal, the liquid yield
is determined to be 2.8 barrels of C4/10QO°F
liquids per ton of dry coal feed.
The EDS Pilot Plant baseline design is for a
process input of 250 tons/day of coal produc
ing 450 barrels per stream day (BPSD) of pro
duct consisting of a 70 percent naphtha and
30 percent fuel oil product state mix. The
plant is in operation. The status of the
pilot plant is included in the following
statement of the Adminstration's recent act~
ions.

•The overall conclusion is that either the one
or three million barrel/day scenario could be
implemented without major dislocation to the
U.S. economy as a whole. However, action
must be planned and taken to overcome potent
ial labor, material and equipment Impediments.
The study found that almost 39 million "innhours would be needed in construction labor
for the indirect coal liquids pi ant 9 and 22
million for the direct liquefaction pliant.
The difference is because the indirect plant
is essentially two plants in one - - a gas
ification plant at the front end connected
to a liquefaction plant at the back.

DOE will request FY 1982 funds to continue the
pilot plant testing program using a limited
range of coals. T he 250 tons-per-day plant
near Baytown, Texas, has been undergoing full
testing operations on Illinois #6 coal since
January, following a successful start-up
which began last summer. Since the FY 1982
request represents a decrease in the Gover
nment's commitment, the funding level will
be presented to the Sponsors Management
Committee (in accordance with the cooper
ative agreement) for their decision
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Likewise, almost 4.5 million manhours of
engineering would be required for the indi
rect liquefaction plant and 2.3 million for
the direct liquefaction plant.
Assuming that one wants to achieve a mil
lion barrels per day production by 1990 and
then 3 million barrels per day by the turn of
the century — which would require 20 plants
in ten years and 61 within the next 20 years
— an on-site labor peafc of 85,000 persons
will be required around 1985 as design and
construction of these plants moves into
full swing. That's about two percent of the
total projected U.S. construction work force.
Add operation and maintenance, and on site
labor requirements are projected to be about
160,000 persons by 1990. Compared to the
total workforce, these requirements are
significant, but as a whole, they do not ap
pear to present an insurmountable obstacle
to achieving the production goals.
Yet overall employment statistics can be de
ceiving in analyzing where labor might be con
strained. Shortages may occur for particular
technical or craft skills or in certain
regions, so we asked our analysts to look
at specific labor issues in particular.
I'll mention just a few.

those students in our colleges and universit
ies today to see opportunities in this field,
we face the possibility of either increasing
severely the competition for competent engin
eers in other fields or running short.
On the other hand, the supply of civil, elec
trical, industrial and mechanical engineers
will not present as challenging a staffing
problem.
Looking at construction labor requirements -and keeping the same 1-mi 11 ion per day target
of synthetic liquids by 1990 and 3-million
by the year 2000 — we find that the peak
periods will occur around the mid 1980's,when
almost 73,000 electricians, almost 6000 weld
ers, roughly 6400 carpenters, some 4000 iron
workers, and over 30,000 other related jobs.
Here it becomes important to look at regions
and the availability of building tradesmen
in various locales. Up to 27 percent of the
current union craftsmen in some crafts will
be needed in some parts of the country —
primarily in the Great Lakes and Appalachian
states. But in some regions, like the Great
Plains and Northern Rocky Mountains states,
up to 81 percent of the current union crafts
men in individual crafts may be required.
To meet the labor requirements in these re
gions j we must expand the use of non-journemen, expand apprenticeship and training pro
grams, and coordinate better with vocational
schools.

The most serious challenge to engineering
manpower will occur in between now and 1985,
the early years of the commercial synfuels
program. Many of the new engineers will
come from our colleges and universities. As
many as 8500 of the country's expected add
itions to the engineering workforce could be
required by the new coal liquids industry.
That's about four percent of the total number
of new engineers expected to join the labor
force in that timeframe.

Perhpas most importantly, we need a concerted
effort by labor, management and government
working together.

But the picture changes somewhat when you
look at chemical engineers now working in pro
cess design and project wprk. Design and
Engineering firms in the U. S. possibly have
no more 3600 chemical engineers in these
areas at present. Although the formation of
engineering teams for these coal liquefaction
projects does not appear to be an insurmount
able challenge, to achieve 1 million barrels
of oil per day by 1990 and 3 million barrels
per day by the year 2000, we are going to
have to increase the process engineering work
force in this country in the next five years
by 1300 chemical engineers — a 35 percent
increase.

Part of the increase will be met by exper
ienced 'engineers transferring from other ind
ustries. However, the major portion of the
supply must come from new chemical engine
ering graduates. And unless we can stimulate

I've dealt primarily to this point with onsite labor requirements. But it is obvious
that a national undertaking of this scale
will also have a significant ripple effect
in the employment profiles of the equipment
and manufacturing industries.
For example, the synthetic fuels industry in
our scenario will require industry to produce
in the year when the requirement peaks —
probably around 1985 — almost 37 million
square feet of heat exchangers. That's almost
three-fourths of the Nation's production
capacity.
Annual production of pressure vessels with
walls 1.5 inches to 4 inches thick must top
80,000 tons in the mid 1980's, Almost 2,5
million total horsepower of centrifugal com
pressors will have to be produced annually in
the peak production periods — again in the
mid 1980's. And the list could go on.

This tells me that there are Indeed signifi
cant opportunities awaiting industry in the
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wake of a national commitment to build a
synthetic fuels industry. But it also tells
me there are challenges we must meet.
That's why conferences like this are so im
portant. We need your involvement and your
assistance. And we need your suggestions.
We have the opportunity to begin building
our Nation's energy security by building a
new synthetic fuels industry.
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